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(g) Digital bipolar logic gates suitable for low-voltage operation. 



@ Several digital bipolar logic circuits are des- 
cribed, for applications as digital logic gates 
and for bufTerIng and level-shifting. These cir- 
cuits are adapted for high-speed operation, and 
they have reduced supply-voltage require- 
ments. In each of these circuits, a control device 
such as a transistor (Q3.5 ; Q3.6) turns an input 
circuit (Q3.1, Q3.2: Q3.3. Q3.4) on or off by 
means of an emitter-to-emitter connection. 
However, unlike most conventional ECL cir- 
cuits, these circuits avoid stacked transistor 
configurations. 
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Field of the invention 

This invention relates to digital bipolar logic cir- 
cuits adapted for high-speed operation, and more 
specifically, to logic circuits in which a control device 
such as a transistor turns an input circuit on or off by 
means of an emitter-to-emitter connection. 

Art Baclcground 

Integrated circuit designers have long recognized 
that many portable electronic systems can be im- 
proved by reducing their power dissipation or their 
battery requirements. Designers have also recog- 
nized that the fastest silicon transistors generally 
have relatively low breakdown voltages. For all of 
these reasons, circuit designers have sought to scale 
the supply voltages of digital circuits from the conven- 
tional level of about 5 volts, down to 3.3 volts, and 
even to 1.5 volts. However, it is difficult to preserve 
high-speed operation at low power-supply voltages, 
particularly at voltages as low as 1.5 volts. 

For example, emitter-coupled logic (ECL) tech- 
nology is widely used for high-speed logic gates. De- 
picted in FIG. 2 is a typical ECL circuit for use as a 
multiplexer. The output voltage, or half of the output 
voltage, appears at node X as a voltage drop across 
resistor R2.1. The current through this resistor fol- 
lows alternate paths to the supply voltage Vee via 
transistors Q2.1 and Q2.7, or transistors Q2.3 and 
Q2.8. Each path includes two transistors in a stacked 
pair configuration. (Two transistors are said to be 
"stacked" if the emitter terminal of one is connected 
to the collector terminal of the other.) Because each 
base-emitter junction of these transistors generally 
requires a voltage drop of about 0.8 volts, the power 
supply voltage must be substantially greater than 1 .5 
volts if deep saturation of these transistors is to be 
avoided. 

By contrast, a power supply voltage as low as 1.5 
volts can be used with circuits in which no path be- 
tween the power supply voltage and ground includes 
a stacked pair of transistors. A well-known circuit of 
that kind, for calculating the logical OR function, is il- 
lustrated in FIG. 1. In the circuit of FIG. 1, the flow of 
current through transistor Q1. 3 is controlled by tran- 
sistors Q1 .1 and Q1 .2, which are coupled to it by emit- 
ter-to-emitter connections. 

Such a circuit, and circuits like it, can offer high- 
speed operation even at relatively low power-supply 
voltages, such as 1.5 volts. However, circuit design- 
ers have hitherto failed to provide more than one or 
a few such circuits. Until now, a general selection of 
circuits of this kind, able to perform a wide variety of 
logical operations, has been lacking. 



Summary of the invention 

We have provided, for the first time, a variety of 
digital bipolar circuits that can operate at speeds ex- 

5 ceeding one GHz with power supply voltages as low 
as 1 .5 V or even less. The bias currents of differential 
pairs and emitter followers used in these circuits are 
generated using resistors tied from their respective 
emitters to the voltage level Vee- The voltage drop 

10 across each of these resistors is typically about 500 
mV. (In the description that follows, Vee assumed 
to be provided by a -1.5 volt power supply. IHowever, 
the Invention is not limited to negatively biased cir- 
cuits, but is also readily implemented in positively 

IS biased circuits operating, e.g., between ground po- 
tential and Vcc = +1.5V.) In each of these circuits, a 
transistor turns an input circuit on or off by means of 
an emitter-to-emitter connection, and no path be- 
tween the power-supply voltage and ground includes 

20 a stacked pair of transistors. 

Brief Description of the Drawings 

FIG. 1 is a well-known circuit of the prior art, used 
25 for calculating the logical OR function. 

FIG. 2 is a schematic representation of a typical 
ECL circuit of the prior art, used as a multiplexer. 

FIG. 3 is a schematic representation of a multi- 
plexer circuit according to the invention, in one em- 
30 bodiment. 

FIG. 4 is a graph representing computer simula- 
tions of input and output waveforms for operation of 
the circuit of FIG. 3. 

FIG. 5 is a schematic representation of a latch clr- 
35 cuit according to the invention in one embodiment. 
This circuit is related to the multiplexer circuit of FIG. 
3. 

FIG. 6 is a graph representing computer simula- 
tions of the clock signal and the differential output of 
40 two circuits, similarto the circuit of FIG. 5, configured 
together in a master-slave configuration to form a fre- 
quency divider. 

FIG. 7 is a schematic representation of an exclu- 
sive OR (XOR) circuit according to the invention in 
45 one embodiment. This circuit is related to the multi- 
plexer circuit of FIG. 3. 

FIG. 8 is a graph representing computer simula- 
tions of a B input waveform, and X and Y output wa- 
veforms, of the circuit of FIG. 7. 
50 FIG. 9 is a schematic representation of a conven- 

tional ECL XOR gate of the prior art. This gate circuit 
is not symmetric with respect to the A and B inputs. 

FIG. 10 is a schematic representation of an XOR 
gate according to the Invention in one embodiment. 
55 This gate circuit is symmetric with respect to the A and 
B inputs. 

FIG. 11 is a schematic representation of an XOR 
gate circuit similar to the circuit of FIG. 10, but modl- 
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fied to provide vdtage-shlfted, type II output 

FIG. 12 is a schematic representation of an XOR 
gate circuit similar to the circuit of FIG. 10. tnjt modi- 
fied to provide differential output by including an ex- 
clusive NOR (XNOR) gate. 

FIG. 13 is a graph representing computer simu- 
lations of the Ainput waveform and the X and Y output 
waveforms of the symmetric XOR gate of FIG. 12. 

FIG. 14 is a schematic representation of a con- 
ventional ECL circuit of the prior art for performing 
buffer and level-shift functions. 

FIG. 15 is a schematic representation of a circuit 
for performing buffer and level-shift functions in ac- 
cordance with the invention in one embodiment 

FIG. 16 is a graph representing computer simu- 
lations of the A input waveform and the X and Y output 
waveforms of the circuit of FIG. 15. 

Detailed Description of Some Preferred 
Enybodiments 

In preferred embodiments, the circuits described 
herein are fabricated according to a BICMOS-com- 
patible. super-self-aligned febrication technology for 
silicon bipolar integrated circuits. Such a technology 
Is described in K.G. Moerschel et at. "BEST: ABIC- 
MOS- Compatible Super-Self-Aligned ECL Technolo- 
gy". IEEE 1990 Custom Integrated Circuits Confer- 
ence (1990) 18.3.1 - 18.3.4. incorporated herein by 
reference. The technology described therein has a 
1.5-^m design rule, and circuits made in accordance 
therewith can have ECL propagation delays as small 
as 87 ps at a power level of 2 mW/gate. 

As noted, the bias currents of differential pairs 
and emitter followers used in the circuits described 
herein are generated using certain resistors, such as 
resistor R3.3 and R3.4 of FIG. 3. It should be further 
noted that these resistors can be replaced by NMOS 
devices, because properly sized MOS transistors can 
remain in saturation even with a drain-source voltage 
as low as 500 mV. The. use of saturated NMOS devic- 
es is advantageous because It provides higher im- 
munity to variations in the power-supply voltage. Ac- 
cordingly, when the term "resistor** or "resistive 
means** is used herein to refer to a device connected 
between an emitter terminal and the power-supply 
voltage, the term is meant to include appropriate 
NMOS devices. 

As noted,' FIG. 2 depicts a conventional ECL mul- 
tiplexer circuit In this circuit transiistors Q2.1 and 
Q2.2 form a differential pair having A and A inputs 
connected to the respective transistor bases, and 
transistors Q2.3 and 02.4 form a differential pair 
having B and B inputs connected to respective bases. 
The emitters of the first differential pair are electrical- 
ly connected at node M, and the emitters of the sec- 
ond differential pair are connected at node N. Nodes 
M and N are electrically connected to the power-sup- 



ply voltage V^e through transistor Q2.7 and resistor 
R2.6, and through transistor Q2.8 and resistor R2.6. 
respectively. Transistors Q2.1 and Q2.2 are alter- 
nately enabled and disabled by a dock signal CK ap- 

5 plied to the base of transistor Q2.7, which results in 
alternations of the current drawn from node M. Sim- 
ilarly, transistors Q2.3 and Q2.4 are alternately en- 
abled and disabled by the clock signal complement 
CK applied to the base of transistor Q2.8, which re- 

10 suits in alternations of the current drawn from node 
N. The output voltage is taken k>etween nodes X and 
Y. Node X is electrically connected on one side to the 
collector of transistor Q2.1 and on the other side to 
ground through resistor R2.1. Node Y is electrically 

1$ connected on one side to the collector of transistor 
Q2.4, and on the other side to ground through resistor 
R2.2. 

Depicted in FIG. 3 is a multiplexer circuit accord- 
ing to the invention, in one embodiment This circuit 

20 is similar to the circuit of FIG. 2 in several respects. 
That Is, transistors Q3.1 and Q3.2 form a differential 
pair having A and A inputs connected to respective 
' bases, and transistors Q3.3 and Q3.4 form a differ- 
ential pair having B and B inputs connected to respec- 

25 tive bases. The emitters of the first differential pair 
are electrically connected at node M, and the emitters 
of the second differential pair are connected at node 
N. Nodes M and N are electrically connected to the 
power-supply voltage V^e through resistors R3.3 and 

30 R3.4, respectively. Transistors Q3.1 and Q3.2 are al- 
ternately enabled and disabled by clocksignal CK ap- 
plied to the base of transistor Q3.5, which results in 
alternations of the voltage at node M. Similarly, tran- 
sistors Q3.3 and Q3.4 are alternately enabled and 

35 disabled by signal CK applied to the base of transistor 
Q3.6, which results in alternations of the voltage at 
node N. The output voltage is taken between nodes 
X and Y. Node X is electrically connected on one side 
to the collector of transistor Q3.1 and on the other. 

40 side to ground through resistors R3.1 and R3.5. Node 
Y is electrically connected on one side to the collector 
of transistor Q3.4, and on the other side to ground 
through resistors R3.2 and R 3.5. 

However, the placing of the clock transistors 

45 Q3.5 and Q3.6 distinguishes the multiplexer of FIG. 
3 from the multiplexer of FIG. 2. That is, these tran- 
sistors are not in series with their respective differen- 
tial pairs. Instead, the collector of each clock transis- 
tor is electrically connected to ground, and the emitter 

so is electrically connected to node M or node N, respec- 
tively, such that both emitters in each differential pair 
are connected to the emitter of the corresponding 
clock transistor. As a consequence of this arrange- 
ment of transistors, no path for electric current be- 

55 tween Vee and ground via any one of Q3. 1 , Q3,2, 
Q3.3, and Q3.4 includes includes a stacked pair of 
transistors. 

In operation, the circuit of FIG. 3, as well as the 
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other inventive circuits described below, uses 400- 
mV single-ended swings to define changes in logical 
state. The circuits use two types of signal, distin- 
guished by their common-mode levels. Signals refer- 
red to herein as "type 1" signals have a common-mode 5 
level of -200 mV, and signals referred to as "type 11" 
signals have a common-mode level of -400 mV. Thus 
in the circuit of FIG. 3. resistor R3.5 establishes a 
common-mode level of -400 mV at the output. In this 
circuit, the clock signals CK and CK are type I, and all io 
other signals (i.e., the A and B signals and their com- 
plements, and the output signal) are type II. 

The operation of the circuit of FIG. 3 is now de- 
scribed. When CK goes high, transistor Q3.5 pulls 
node M high, turning off transistors Q3.1 and Q3.2. is 
Simultaneously, CR goes low, permitting resistor 
R3.4 to draw current from transistors Q3.3 and Q3.4. 
Thus. Q3.1 and Q3.2 are disabled, Q3.3 and Q3.4 are 
enabled, and the logical output is equal to the logical 
B input. The symmetry of the circuit design shows 20 
that by an analogous argument, when CK goes low, 
the logical output changes to the logical A input. It 
should be noted that transistors Q3. 1, Q3.2, Q3.3, 
and Q3.4 experience a base-collector forward bias of 
400 mV. and t herefore they enter soft saturation dur- 25 
irvg operation of the circuit. However, these transis- 
tors do not enter deep saturation, and therefore the 
penalty incurred in operating speed, if any, is rela- 
tively small. 

FIG. 4 is a graph representing computer Simula- 30 
lions of input and output waveforms for operation of 
the circuit of FIG. 3 with a fanout of 1 and power dis- 
sipation of 1.2 mW. In the simulation, the A, B, and 
CK input signals oscillate at 500 MHz, A leads B by 
180^ and CK leads B by 90^ 35 

Another embodiment of the invention is a latch 
circuit, such as the circuit of FIG. 5. This circuit is 
readily derived from the multiplexer circuit of FIG. 3 
by eliminating the B and B inputs, and instead cross- 
connecting transistors Q3.3 and Q3.4 (i.e., transis- 40 
tors Q5.3 and Q5.4 of FIG. 5) to form a latch pair. This 
cross-connection Is carried out by electrically con- 
nect ing the collector of each transistor to the base of 
the other transistor. 

The operation of this latch circuit is now descri- 45 
bed. When CK is low, the input pair (transistors Q5.1 
and Q5.2) is enabled, nodes X and Y track the input 
signal, and latch transistors Q5.3 and Q5.4 are off. 
When CK goes high, the input pair is disabled, the 
latch pair is on, and the instantaneous state at X and so 
Y IS stored in the loop around the latch pair. 

To evaluate Its performance, a pair of these latch 
circuits can be incorporated in a well-known master- 
slave configuration with feedback which functions to 
divide the dock frequency by two. FIG. 6 is a graph 55 
representing computer simulations of the clock signal 
and the differential outputof such a frequency divider 
operating at 2 GHz with a power dissipation of 2.8 



mW (1.4 mW per latch). 

Another embodiment of the invention is an exclu- 
sWe OR (XOR) circuit, such as the circuit of FIG. 7. 
This circuit is readily derived from the multiplexer cir- 
cuit of FIG. 3 by substituting B and B for CK and CK, 
respectively, substituting A for B at the input to tran- 
sistor Q3.3 (transistor Q7.3 of FIG. 7), and substitut- 
ing A for B at the input to transistor Q3.4 (transistor 
Q7.4 of FIG. 7). As a result of these substitutions, the 
logical value of the output will equal the logical A input 
if B is low, and will equal the logical A input if B is high. 
Thus, the output will be 0 if A and B are both low or 
both high, and will be 1 if B is low and A is high, or if 
B is high and A is low. This describes the XOR func- 
tion Ae B. 

This gate is faster than conventional ECL XOR 
gates like that of FIG. 9, in which one input signal, but 
not the other, must propagate through level-shift net- 
work 900 as well as stacked transistors. (See, e.g., 
feature 950 of the figure, showing transistor Q9.4 
stacked with the differential pair that includes tran- 
sistor Q9.1 . As shown in the figure, the B signal prop- 
agates through stacked pairs, but the A signal does 
not) Moreover, unlike such gates of the prior art the 
inventive XOR gate exhibits roughly equal delays for 
both inputs. 

FIG. 8 is a graph representing computer simula- 
tions of a B input waveform, and X and Y output wa- 
veforms, of the circuit of FIG. 7 operating with a pow- 
er dissipation of 1.4 mW. A delay of 110 ps is apparent 
from the figure. By contrast conventional XOR gates 
using the same collector resistors and voltage swings 
have voltage delays of 130 ps. 

As noted, the circuit of FIG. 7 has roughly equal 
delays for the A and B inputs. However, the A and B 
signal paths are not exactly identical, and as a con- 
sequence, a slight phase error may appear at high 
frequencies. In applications, such as phase-locked 
loops, where such error Is intolerable, it is advanta- 
geous to use symmetrical XOR gates (i.e., gates that 
are fully symmetric with respect to the A and B in- 
puts). 

FIG. 9 depicts a conventional ECL XOR gate 
which is not symmetric with respect to the A and B in- 
puts. The voltage drop across resistor R9. 1 appears 
at node X as the output signal A® B. The current In 
resistor R9.1 follows alternate paths between ground 
and Vee, through transistors Q9.1 and Q9,4, or 
through transistors Q9.2 and Q9.5. These branches 
meet at node M, where resistor R9.1 is electrically 
connected to the collectors of transistors Q9.1 and 
Q9.2. Current will flow in the Q9.1 branch only when 
A is high, turning on transistor Q9.1, and B is also 
high, turning on transistor Q9.4. Current will flow In 
the Q9.2 branch only when A is low such that the A 
input turns on transistor Q9.2, and B is also low, such 
that the B input turns on transistor Q9.5. The output 
at X will be a logical 0 whenever current flows in eith- 



BNSDOCID <eP 05995 17A2J_> 



7 



EP 0 599 517 A2 



8 



er branch, i.e.. when A and B are both high or both 
low. At other times, the output is a iogical 1 . 

In one embodiment, the invention is an XOR cir- 
cuit that, unlil^e the circuit of FIG. 9, is symmetric with 
respect to the A and B inputs, and in which no current 
path between the power supply voltage and ground 
includes a stacked pair of transistors. Such a circuit 
is depicted in FIG. 10. With reference to FIG. 10, the 
A S B output signal appears at node X as a voltage 
drop across resistor R1 0.1 . The current in this resistor 
follows alternate paths between ground and Vee- 
through transistor Q10.3 and resistor R10.2. or 
through transistor Q10.4 and resistor R10.3. Transis- 
tors Q10.1 and Q10.2 control the current flow in the 
Q10.3 branch, and transistors Q10.5 and Q10.6 con- 
trol the current flow in the Q10.4 branch. Unlike the 
conventional circuit of FIG. 9, the control transistors 
(e.g.. transistors Q10.1 and Q10.2) are coupled to the 
controlled transistor (e.g., transistor Q10.3) by emit- 
ter-to-emitter connections. A reference voltage Vbi is 
applied to the bases of transistors Q10.3 and Q10.4. 
This voltage is set equal to the common-mode level 
of the input A and B signals and their complements. 

The operation of the circuit of FIG. 10 Is now de- 
scribed. Transistor Q1 0.3 is on only if both A and B are 
low. such that transistors Q10.1 and Q10.2 are both 
off. Similarly, transistor Q1 0.4 is on only if both A and 
B are high, such that A and B are low and transistors 
Q10.5 and Q10.6 are both off. Thus, the collector cur- 
rent of transistor Q10.3 represents the value of the 
logical function A AND B, and the collector current of 
transistor^Q10.4jepresents the value of the logical 
function A AND B. The summation of these two cur- 
rents at node X (equivalent to a logical OR operation) 
together with the conversion of the total current to a 
voltage below ground by resistor R 10.1 (equivalent to 
a logical inversion) results in an output voltage repre- 
senting the XOR function. This output is a type I sig- 
nal. If a type II signal is required, the circuit is readily 
modified as shown in FIG. 11. In FIG. 11, resistor 
R11.4 carries a current approxirnately equal to the 
sum of the currents through resistors R11.2 and 
R11 .3. and in that way establishes the required level 
shift at the output. 

The output of the circuit of FIG. 10 is single-end- 
ed. A circuit having differential output is readily pro- 
vided by adding an exclusive NOR (XNOR) gate 
' G12.1 as shown, e.g., in FIG. 12. The XNOR gate is 
' identical to the XOR gate, except that the A and A in- 
• puts are interchanged. The compound circuit of FIG. 
1 2 has a single A input going both to the base of tran- 
sistor Q12.6 of the XOR gate, and to the base of tran- 
sistor Q12.1' of the XNOR gate. The XOR output ap- 
pears at node X of the XOR gate, and the XNOR out- 
put (I.e., the complement of the XOR output) appears 
at node Y of the XNOR gate, 

FIG. 13 is a graph representing computer simu- 
lations of the A input waveform and the X and Y output 



waveforms of the symmetric XOR gate of FIG. 1 2, op- 
erating with a fanout of 1 and a power dissipation of 
1 .3 mW in each of the two complementary gates. The 
figure shows a delay of 120 ps under these condi- 
5 tions. 

It often happens in the design of integrated cir- 
cuits that a signal needs to be distributed across a 
large chip using a long interconnect having a signifi- 
cant amount of capacitance relative to the substrate. 
10 In such cases, it is useful to have a buffer circuit which 
is able to drive such a capacitive line and to deliver, 
at the output end, an amplified signal having the ap- 
propriate common-mode level. One conventional 
ECL circuit for performing buffer and level-shift func- 
15 tions is the cascode-configured circuit of FIG. 14. In 
this circuit, the input signal and its complement are 
applied, respectively, to the bases of in put transistors 
Q14.1 and Q1 4.2. The collectors of the input transis- 
tors are electrically connected, generally through a 
20 capacitive line that is to be driven, to the respective 
emitters of output transistors Q14.3 and Q14.4. (A 
parasitic capacitance G14.1 is represented symboli- 
cally in the figure.) The output transistors are-biased 
by voltage Vb. applied to the bases of these transis- 
25 tors. The collectors of the output transistors are con- 
nected to ground through resistors R14.1 and R14.2. 
and the difference between the voltage drops 
through these resistors is taken at nodes X and Y as 
the output signal. The emitters of the input transistors 
30 are connected to W^e through resistor R14.3. Collec- 
tor current will flow in each output transistor only 
when the corresponding input transistor has been 
turned on by a high value at its input. (The figure also 
indicates optional resistor R14.4, which may be in- 
35 eluded to improve the operating speed of the circuit.) 

The invention, in one embodiment, is a circuit for 
performing a buffer and level-shift function. In this in- 
ventive circuit no current path between ground and 
Vee includes a stacked pair of transistors, and the in- 
40 put transistors control current flow in the output tran- 
sistors by means of emitter-to-emitter connections. 
Such a circuit is depicted in FIG. 15. (A parasitic ca- 
pacitance C15.1 is indicated symbolically in the fig- 
ure.) As in the circuit of FIG. 14, complementary input 
45 signals Aand A are applied to the bases of respective 
Input transistors Q15.1 and Q15.2. Each Input tran- 
sistor controls the flow of collector current In a corre- 
sponding one of output transistors Q15.3 and Q15.4, 
respectively. A bias voltage is applied to the bases of 
50 the output transistors. The emitters of transistors 
Q15.1 and Q15.2 are connected to Vee through resis- 
tors R15.1 and R15.2, respectively. The collector cur- 
rent In transistor Q1 5.3 flows through resistors R15.6 
and R15.8, producing a voltage drop at node Y. The 
55 collector current in transistor Q1 5.4 flows through re- 
sistors R15.7 and R15.8, producing a voltage drop at 
node X. The difference between these voltage drops 
is taken as the output signal. 
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However, the circuit of FIG. 15 differs from the 
circuit of FIG. 14 In several Important respects. As 
noted, the input transistors control the output transis- 
tors by means of emitter-to-emitter connections rath- 
er than by means of a series connection. In order to s 
reduce sensitivity to unwanted voltage drops that 
might occur, e.g., in long interconnects, the common- 
mode level of the signals received from the intercon- 
nects is recovered at the output end, and the output 
transistors are biased according to that level. For this io 
purpose, resistors R1 5.3 and R1 5.4, typically of equal 
value, are configured as a voltage divider between 
the emitters of transistors Q15.3 and Q15.4. The 
common-mode level is established at node P (effec- 
tively, the center tap of the voltage divider), and shift- is 
ed up by transistor Q15.5, which has an emitter con- 
nection to node P, a collector connection to ground 
through resistor R15.5, and base connections to the 
bases of the output transistors. As a consequence of 
the recovery and shift of the common-mode level, the 20 
base voltage of transistor Q15.5 is close to the com- 
mon-mode level of the inputsignals Aand A and thus 
provides the proper bias for the output transistors. 
The collector currents of the input and output transis- 
tors are readily set to desired levels by sizing them 25 
with respect to transistor Q15.5 and by selecting ap- 
propriate values of resistors R15.1-R15.5. 

FIG. 16 Is a graph representing computer simu- 
lations of the A input waveform and the X and Y output 
waveforms of the circuit of FIG. 15, operating with a 30 
fanout of 1 , a power dissipation of 1 .4 mW, and an in- 
terconnect capacitance 0.5 pF. It is evident from the 
figure that the circuit operates with a delay of 1 50 ps. 



Claims 

1 . A digital circuit for producing an output voltage re- 
sponsive to A, B, and C input^signalsand their re- 
spective complements A, B, and C, the circuit 40 
comprising: 

a) first and second bipolar transistors, each 
having a base, an emitter, and a collector, the 
transistors constituting a first differential pair 

and having emitter terminals electrically con- 45 
nected to a first common node; 

b) means for Inputting the A signal to the first 
transistor base and means for inputting the A 
signal to the second transistor base; 

c) third and fourth bipolar transistors, each so 
having a base, an emitter, and a collector, the 
transistors constituting a second differential 

pair and having emitter terminals electrically 
connected to a second common node; 2. 

d) means for inputting the B signal to the third ss 
transistor base and means for inputting the B 
signal to the fourth transistor base; 

e) resistive means for electrically connecting 



a terminal which is maintained at a power sup- 
ply voltage to the first and second nodes dur- 
ing at least a portion of the time that the cir- 
cuit is operating; 

f) resistive means for electrically connecting 
the collectors of the first, second, third, and 
fourth transistors to a terminal or group of ter- 
minals maintained at ground potential; 

g) means, responsive to the C signal, for alter- 
nating the voltage at the first node between 
two distinct voltage levels such that when the 
node voltage is at one of the levels, the first 
and second transistors are disabled, and 
when the node voltage is at the other level, 
the first and second transistors are enabled; 

h) means, responsive to the C signal, for alter- 
nating the voltage at the second node be- 
tween two distinct voltage levels such that 
when the node voltage is at one of the levels, 
the third and fourth transistors are disabled, 
and when the node voltage is at the other lev- 
el, the third and fourth transistors are en- 
abled; and 

i) first and second output voltage terminals, 
the first output terminal electrically connect- 
ed to the collectors of the first and third tran- 
sistors, and the second output terminal elec- 
trically connected to the collectors of the sec- 
ond and fourth transistors, 

CHARACTERIZED IN THAT 
j) the alternating means comprise fifth and 
sixth bipolar transistors, each having a base 
and an emitter, and further having a collector 
electrically connected to a terminal main- 
tained at ground potential; 
k) the emitter of the fifth transistor is electri- 
cally connected to the first node, and the 
emitter of the sixth transistor is electrically 
connected to the second node; 
I) the alternating means further comprise 
means for electrically inputting the C signal to 
the baseof the fifth transistor and for input- 
ting the C signal to the base of the sixth tran- 
sistor such that the voltages at the first and 
second nodes change in a complementary 
fashion in response to changes in the C sig- 
nal; and 

m) no path for electric current between the 
power supply voltage terminal and a terminal 
at ground potential via any one of the first, 
second, third, and fourth transistors includes 
a stacked pair of transistors. 

The circuit of claim 1, wherein the C signal is a 
clock signal and the output voltage corresponds, 
in alternation, to the A signal or the B signal ac- 
cording to alternations of the clock signal, result- 
ing in a multiplexed output. 
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The circuit of daim 1. wherein the B signal is the 
logical equivalent of the A signal, such that the 
output voltage corresponds to the exclusive OR 
function A ® C. 

5 

A digital latch circuit for producing an output vol- 
tage which corresponds to the voltage state of an 
input signal at a time selected by changing the 
voltage state of a clock signal, the circuit compris- 
ing; 10 

a) first and second bipolar transistors, each 
having a base, an emitter, and a collector, the 
transistors constituting a differential pair and 
having emitter terminals electrically connect- 
ed to a first common node; is 

b) means for inputting the input signal to the 
first transistor base and means for inputting 
the input signal complement to the second 
transistor base; 

c) third and fourth bipoiar transistors, each 20 
having a base, an emitter, and a collector, the 
transistors constituting a latch pair wherein 

the base of each is electrically connected to 
the collector of the other, said third and fourth 
transistors having emitter terminals electri- 25 
cally connected to a second common node; 
' d) resistive means for electrically connecting 
a terminal which is maintained at a power sup- 
ply voltage to the first and second nodes dur- 
ing at least a portion of the time that the cir- so 
cuit is operating; 

e) resistive means for electrically connecting 
the collectors of the first, second, third, and 
fourth transistors to a terminal or group of ter- 
minals maintained at ground potential; 35 

f) means, responsive to the clock signal, for al- 
ternating the voltage at the first node be- 
tween two distinct voltage levels such that 
when the node voltage is atone of the levels, 

the first and second transistors are'disabled, 40 
and when the node voltage is at the other lev- 
el, the first and second transistors are en- 
abled; 

g) means, responsive to the clock signal com- 
plement, for alternating the voltage at the sec- 45 
ond node between two distinct voltage levels 
such that when the node voltage is at one of 

the levels, the third and fourth transistors are 
disabled, and when the node voltage is at the 
other level, the third and fourth transistors so 
are enabled; and 

h) first and second output voltage terminals, 
the first output terminal electrically connect- 
ed to the collectors of the first and third tran- 
sistors, and the second output terminal elec- 55 
trically connected to the collectors of the sec- 
ond and fourth transistors, 

CHARACTERIZED IN THAT 



I) the alternating means comprise fifth and 
sixth bipolar transistors, each having a base 
and an emitter, and further having a collector 
electrically connected to a terminal main- 
tained at ground potential; 
j) the emitter of the fifth transistor is electri- 
cally connected to the first node, and the 
emitter of the sbcth transistor is electrically 
connected to the second node; 
k) the alternating means further comprise 
means for electrically inputting the dock sig- 
nal to the base of the fifth transistor and for 
inputting the clock signal complement to the 
base of the sixth transistor such that the vol- 
tages at the first and second nodes change in 
a complementary fashion in response to 
changes in the dock signal; and 
1) no path for electric current between the 
power supply voltage terminal and a terminal 
at ground potential via any one of the first, 
second, third, and fourth transistors indudes 
a stacked pair of transistors. 

5. A digital circuit responsive to an A input signal, a 
B input signal, and the complementary A and B 
signals, for producing, at a first node, an output 
voltage representing the exdusive ORf unction A 
0 B, the circuit comprising: 

a) at least one terminal maintained at ground 
potential and at least one terminal maintained 
at a power supply voltage; 

b) first and second bipolar transistors, to be 
referred to as the first and second gate tran- 
sistors, said gate transistors providing alter- 
nate paths for electric current flowing beween 
the power supply and ground terminals, each 
of said gate transistors having an emitter, a 
base, and a collector, the collectors of said 
gate transistors electrically connected at the 
first node; 

c) resistive means electrically connected to 
the ground terminal and to the first node such 
that electric current flowing through either 
one of the alternate paths produces a voltage 
drop across said resistive means, said vol- 
tage drop being measurable as the output vol- 
tage; 

d) first means, responsive to the A and B sig- 
nals, for controlling the flow of electric current 
through the first gate transistor such that a 
substantial flow of current Is permitted only 
when the A and B signals both have high vol- 
tage states; and 

e) second means, responsive to the comple- 
mentary A and B signals, for controlling the 
flow of electric current through the second 
gate transistor such that a substantial flow of 
current is permitted only when the comple- 



13 



EP0 599 517 A2 



14 



mentary A and B signals both have high vol- 
tage states, 

CHARACTERIZED IN THAT 

f) the first controlling means comprise first 

and second bipolar transistors, to be referred s 
to as the first and second control transistors, 
each of said control transistors having a col* 
lector electrically connected to a ground ter- 
minal and an emitter electrically connected to 
the emitter of the first gate transistor, and fur- io 
ther having a base; 

g) the second controlling means comprise 
third and fourth bipolar transistors, to be re- 
ferred to as the third and fourth control tran- 
sistors, each of said control transistors hav- is 
ing a collector electrically connected to a 
ground terminal and an emitter electrically 
connected to the emitter of the second gate 
transistor, and further having a base; 

h) the circuit further comprises means for in- 20 
putting the A signal to the base of the first 
control transistor, the B signal to the base of 

the second control transistor the comple- 
mentary B signal to the base of the third con- 
trol transistor, and the complementary A sig- 2S 
nat to the base of the fourth control transistor, 

i) a commonnmode voltage level is associated 
with the A and B signals, and the circuit fur- 
ther comprises means for applying a bias vol- 
tage to the bases of the first and second gate 30 
transistors, the bias voltage approximately 
equal to the common-mode voltage; and 

j) neither of the alternate paths includes a 
stacked pair of transistors. 

35 

6. A digital circuit for providing an output voltage 
which corresponds to an input signal, the circuit 
comprising: 

a) at least one terminal maintained at ground 
potential, and at least one terminal main- 40 
tained at a power supply voltage level; 

b) two bipolar transistors, to be referred to as 
the first and second input transistors, each 
having a base, an emitter, and a collector, 
means for applying the input signal to the 45 
base of the first input transistor; and means 

for applying the input signal complement to 
the base of the second input transistor, 

c) two bipolar transistors, to be referred to as 

the first and second output transistors, each 50 
having a base, an emitter, and a collector 

d) first resistive means for electrically cou- 
pling the collectors of the first and second 
output transistors to a ground terminal or ter- 
minals such that electric current flowing into 55 
the collector of each output transistor will es- 
tablish a voltage drop, one or both of said vol- 
tage drops defining the output voltage; 



e) means for applying a bias voltage to the 
bases of the output transistors; 

f) second resistive means for electrically con- 
necting the emitters of the input transistors to 
a terminal or terminals at the power supply 
voltage; and 

g) means for electrically connecting the first 
and second input transistors to the first and 
second output transistors, respectively, such 
that the electric current flowing into the col- 
lector of each output transistor can be modu- 
lated by the input signal or input signal com- 
plement applied to the base of the corre- 
sponding input transistor, 

CHARACTERIZED IN THAT 

h) the emitter of each input transistor is elec- 
trically connected to the emitter of the corre- 
sponding output transistor; 

i) the biasing means comprise a voltage div- 
ider having a first end electrically connected 
to the emitter of the first output transistor, a 
second end electrically connected to the emit- 
ter of the second output transistor, and a tap 
Intermediate the first and second ends; 

j) the biasing means further comprise a bipo- 
lar transistor, to be referred to as the bias 
transistor, said bias transistor having an emit- 
ter, a base, and a collector, said collector be- 
ing electrically connected to said base such 
that said bias transistor is self-biased; 
k) the emitter of the bias transistor is electri- 
cally connected to the tap, the base of the 
bias transistor is electrically connected to the 
bases of the first and second output transis- 
tors, and the collector of the bias transistor is 
electrically connected through third resistive 
means to a ground terminal; and 
I) no path for electric current between a power 
supply voltage terminal and a ground terminal 
via any one of the input or output transistors 
includes a stacked pair of transistors. 

7. The circuit of claim 5, further comprising a level- 
shifting resistor, wherein: 

a) the first resistive means and the collectors 
of the first, second, third and fourth bipolar 
transistors are electrically connected to a 
ground terminal through the level-shifting re- 
sistor; and 

b) the resistance of the level-shifting resistor 
is selected such that the common-mode level 
of the output voltage Is shifted by a predeter- 
mined amount relative to the output-voltage 
common-mode level of an otherwise equiva- 
lent circuit having a level-shifting resistance 
of zero. 

B. The circuit of claim 5, further comprising an 
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XNOR circuit responsive to the A and B Input sig- 
nals and the complementary A and B input sig- 
nals, the XNOR circuit adapted to produce, at a 
second node, an XNOR output voltage that rep- 
resents the logical complement of the output vol- 5 
tage at the first node, such that the voltage dif- 
ference between the first and second nodes con- 
stitutes a differential output signal, wherein the 
XNOR circuit comprises: 

a) third and fourth bipolar, gate transistors for io 
providing alternate paths for electric current 
flowing beween the power supply and ground 
terminals, each of said gate transistors hav- 
ing a collector, the collectors of said gatetran> 
sistors electrically connected at the second is 
node; 

b) resistive means electrically connected to 
the ground terminal and to the second node 
such that electric current flowing through 
either one of the alternate paths produces a 20 
voltage drop across said resistive means, 

said voltage drop being measurable as the 
XNOR output voltage; 

c) fifth and sixth bipolar, control transistors 

for controlling the flow of electric current 25 
through the third gate transistor such that a 
substantial flow of current is permitted only 
when the A signal has a low voltage state and 
the B signal has a high voltage state; and 

d) seventh and eigth bipolar, control transis- 30 
tors for controlling the flow of electric current 
through the fourth gate transistor such that a 
substantial flow of current is permitted only 
when the A signal has a high voltage state and 

the B signal has a tow voltage state. 35 
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Several digital bipolar logic circuits are desr 
cribed, for applications as digital logic gates 
and for buffering and level-shifting. These cir- 
cuits are adapted for high-speed operation, and 
they have reduced supply-voltage require- 
ments. In each of these circuits, a control device 
such as a transistor (Q3.5 ; Q3.6) turns an Input 
circuit (Q3.1, Q3.2: Q3.3, Q3.4) on or off by 
means of an emitter-to-emitter connection. 
However, unlike most conventional ECL cir- 
cuits, these circuits avoid stacked transistor 
configurations. 
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